The objective of the advanced detection, l s olation, and accommodation (ADIA) program I s to Improve the overall demonstrated reliability of digital electronic control systems for turbine engines. For this purpose, algorithms have been developed which detect, Isolate, and accomnodate sensor failures using analytical redundancy. In thls paper prelimlnary results o f a full scale engine demonstration of the ADIA algorlthm are presented. Mlnlmum detectable levels of sensor failures for an FlOO turbofan englne control system are determlned and compared to those obtained during a previous evaluation of this algorithm uslng a realtlme hybrld computer slmulatlon of the engine.
Introduction
The objective of the advanced detection. l s olation, and accommodation (ADIA) program I s to Improve the overall demonstrated reliability of digital electronic control systems for turbine engines by detecting, Isolatlng, and accommodating sensor failures using analytlcal redundancy methods. This paper dlscusses the prellmlnary results of a full scale engine demonstration of an analytlcal redundancy based algorithm developed as part of the AOIA program.
Over the past 35 years hydromechanical lmplementatlons of turbine engine control systems have matured into highly reliable units. However, there I s a trend towards Increased englne complexity. Thls Increased complexity I s required t o meet ever increasing englne performance requirements. Consequently, the englne control has become Increasingly complex. Because of thls complexity trend and the revolutlon in dlgltal electronics, the control has evolved from a hydromechanical to a full authority digital electronic (FADEC) Implementation. These FAOEC type controls have to demonstrate the same or improved levels of reliabillty as their hydromechanical predecessors.
In an effort to improve the overall reliability of the dlgltal electronlc control system, varlous redundancy management techniques have been applied to both the total control system and t o indlvldual components. reliable of the control system components are the engine sensors. In fact some type o f sensor redundancy will be requlred to achieve adequate control system rellabllity. One Important type I s analytlcal redundancy (AR) . 2 Analytical redundancy uses a model to generate redundant Information that can be compared to measured information to detect fallures. Analytical redundancy based systems can have cost and welght savings over other approaches such as hardware redundancy.
Considerable progress has been made in the appllcatlon of analytical redundancy to Improve turbine engine control system reliability. The development, implementation. evaluatlon, and demonstration. References 3 t o 7 describe the development, implementation, and evaluation phases. In the development phase3e4 the ADIA algorithm was designed using advanced filtering and detectlon rnethodologles. advanced algorithm was tmplemented in mlcroprocessor based hardware. A parallel computer archltecture (three processors) was used to allow the algorithm to execute in a frame tlme consistent wlth stable real-time operation. In the evaluatlon phasebp7 an evaluation of algorithm performance was obtained using a real-time engine slmulation running on a hybrld computer. The objectives of the evaluation were t o (1) validate the algorithm for sensor failure detection, lsolation. and accommodatlon (DIA) effectiveness, (2) document algorithm performance, (3) validate the algorithm's real-tlme lmplementatlon. and (4) establish a data base for the demonstration phase of the ADIA program. This report describes the demonstration of the ADIA algorithm on a full scale FlOO engine In the NASA Lewls altitude test facil lty. Thls paper begins wlth a description of the test bed system used in the demonstration of the AOIA algorithm. Next. a descrlption of the ADIA algorithm I s given followed by a descrlption of the implementation hardware. The results of the demonstration are then presented. Finally, conclusions and recommendations for further work are glven.
The ADIA program I s organized Into four phases:
In the implementatlon phase5 this

Test Bed System Description
The algorithm was demonstrated using a test bed system conslstlng of (1) an engine system, (2) a multivariable control, and (3) the ADIA algorithm. The algorithm will be descrlbed In the next section. The test bed system I s shown in Fig. 1. m n e System engine and Its associated control actuators and sensors. The FlOO turbofan engine Is a highperformance, low-bypass ratio, twin-spool turbofan engine. The test englne has four controlled inputs, five sensed outputs, and four sensed envlronmental variables.
The engine system conslsts of an FlOO turbofan
These v a r l a b l e s are d e f i n e d as f o l l o w s . 
Accommodation F l l t e r
The accommodation f l l t e r i n c o r p o r a t e s an e n g i n e model a l o n g w l t h a Kalman g a i n uRdate t o g e n e r a t e e s t l m a t e s A o f t h e e n g l n e s t a t e s X and t h e engine o u t p u t s Z as f o l l o w s . 
Here t h e s u b s c r l p t b r e p r e s e n t s t h e base p o i n t ( s t e a d y -s t a t e e n g i n e o p e r a t i n g p o i n t ) and X I s t h e 4 by 1 model s t a t e v e c t o r , Urn t h e 4 by
Procedure
The t e s t m a t r i x , shown I n F i g . 3 
, sumrnarlzes t h e t e s t s used t o demonstrate t h e a l g o r l t h m . The d i f f e r e n t engine o p e r a t i n g c o n d i t i o n s ( a l t l t u d e / M a c h number) used f o r t h e d e m o n s t r a t i o n a r e l i s t e d a c r o s s t h e t o p o f t h e m a t r i x and t h e d i f f e r e n t t e s t s cond u c t e d a t these p o l n t s a l o n g t h e s l d e . C u r r e n t l y , o n l y r e s u l t s f o r t h e
o s e l e c t t h e t e s t m a t r i x o p e r a t i n g p o i n t s was t o d u p l l c a t e as many o f t h e p o i n t s used I n t h e F l O O M u l t i v a r i a b l e C o n t r o l Program7 as p o s s i b l e . t o a v o i d h l g h f a n I n l e t p r e s s u r e s , and t o r e a s o n a b l y span t h e envelope. T h l s r a t i o n a l e I s a compromise
Three types o f d e m o n s t r a t i o n r e s u l t s w i l l now be p r e s e n t e d . The f i r s t shows t h e accuracy o f t h e accommodation f l l t e r w i t h no sensor f a i l u r e s . t h e second shows t h e d e t e c t i o n performance o f t h e A O I A a l g o r l t h m . F l n a l l y , accommodation performance i s demonstrated. E s t i m a t o r accuracy. The s i n g l e most I m p o r t a n t element i n d e t e r m i n i n g A D I A a l g o r i t h m performance i s t h e accuracy o f t h e engine o u t p u t e s t i m a t e s used I n t h e a l g o r i t h m . These e s t i m a t e s a r e determined u s i n g t h e a c c o m o d a t l o n f l l t e r , whlch i n c o r p o r a t e s a s i m p l i f i e d engine model. A sample o f t h e accuracy o f t h e f i l t e r I s presented i n F i g . 4 w h l c h shows an
Idle-to-lntermedlate-power PLA p u l s e t r a n s l e n t gene r a t e d a t t h e 10 K/0.6 c o n d i t i o n . The v a r i a b l e s shown. f a n speed ( N l ) and exhaust n o z z l e p r e s s u r e (PT6). demonstrate t h e e x c e l l e n t e s t i m a t e accuracy achieved. These r e s u l t s a r e t y p i c a l o f t h e o t h e r e s t i m a t e s . Detectlon/accommodatlon performance. Two t y p e s o f sensor f a l l u r e were c o n s i d e r e d , h a r d and s o f t . Hard f a l l u r e s , because o f t h e l r s l z e , a r e e a s l l y d e t e c t e d . Thus, h a r d f a l l u r e d e t e c t i o n perfurmance, a l t h o u g h I m p o r t a n t t o system r e l i a b l l l t y , was exami n e d a t o n l y one o p e r a t i n g c o n d l t l o n ( 1 0 K/0.6). sensor failures. The first experiment consisted of Injecting. detecting. and accommodating a single sensor failure and then commanding a PLA pulse transient. dated failed sensor is compared to normal mode engine performance. Typical results are shown for the PT6 single failure case for fan speed (Fig. 5(a) ) and exhaust nozzle pressure (Fig. 5(b) ). Performance was good since the desired or request values were closely maintained. A slight drop in actual PT6 can be seen but this i s acceptable. In all other cases the accommodated single failure translent performance was good. the minimum power level is raised slightly and the maximum power level is decreased slightly and the engine is controlled without using any sensed engine output information in the control, i.e., all sensors failed. 
The A D I A a l g o r i t h m e x h l b i t e d e x c e l l e n t h a r d d e t e ct i o n performance a t t h l s c o n d l t l o
